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The aim of this work was to study the carcass killing-out proportions and carcass composition of Churra Galega Braganc¸ana (CGB)
and Suﬀolk sheep at 20%, 25%, 30% and 35% of maturity. Forty-eight male lambs were used, 24 CGB and 24 Suﬀolks from the Braganas
School of Agriculture sheep ﬂock. Suﬀolk lambs had greater proportions of leg, shoulder and breast joints, but lower proportions of rib,
anterior rib and neck joints. Increasing maturity caused a signiﬁcant decrease in leg and shoulder proportions and an increase in chump
proportion. Suﬀolk lambs had signiﬁcantly greater muscle and signiﬁcantly less subcutaneous fat and kidney and pelvic fat percentages
than CGB lambs. With the increase of maturity, a signiﬁcant increase in intermuscular fat and a signiﬁcant decrease in bone proportion
were observed. It was concluded that, under the management conditions of this work, Suﬀolks were preferred for meat production, since
at a comparable stage of maturity they had greater proportions of expensive cuts and greater carcass lean percentage.
 2005 Elsevier Ltd. All rights reserved.
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Colomer-Rocher (1973) deﬁned carcass quality as that
group of, weighted, carcass characteristics that correlated
closely with maximum consumer acceptance. However,
carcass quality could be closely related to its market value
and producers, butchers and consumers have diﬀerent, and
sometimes contradictory, carcass quality parameters. In
fact, Boccard and Dumont (1976) presented the quality
concepts of: (1) producers, to whom a quality carcass is
the one from a fast growth animal, that assures a good in-
come and high proﬁt; (2) butchers, who consider a quality
carcass the one that gives the higher proportion of valued
joint and (3) consumers, that related carcass quality with
visual aspects, like joint shape, tissue composition (meat
and fat) and of organoleptic factors (odour, taste, juiciness0309-1740/$ - see front matter  2005 Elsevier Ltd. All rights reserved.
doi:10.1016/j.meatsci.2005.07.019
* Corresponding author. Tel.: +351 273 303 221; fax: +351 273 325 405.
E-mail address: srodrigues@ipb.pt (S. Rodrigues).and tenderness). Lamb carcass quality corresponds to a
complex set of characteristics, some of which are subjective
and diﬃcult to evaluate. We can justify the great amount of
published work if we want to provide uniformity and
objectivity to evaluation systems in most countries. To
properly guide improvements in production, it is necessary
to know in detail the quality traits of local as well as exotic
breeds.
The commercial value of meat animals is determined by
the carcass weight, proportion and distribution of carcass
muscle, fat and bone, and the proportion of expensive cuts.
Nowadays more and more importance is given to meat
quality. Information about carcass quality is an important
factor in determining meat quality.
Traditionally, lambs produced in the Mediterranean
countries of the EU are slaughtered at a very young age
(between 1 and 4 months), producing the lightest carcasses
in all Europe, Teixeira, Delfa, and Alberti (1998). One of
the most important breeds in northeast of Portugal is the
Churra Galega Braganc¸ana breed with a ﬂock of 9000
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of high economic importance to the region, as it is perfectly
adapted. From this breed is produced a product with origin
denomination protection, the ‘‘Borrego Braganc¸ano’’
which is a carcass of the CGB lambs raised under the tra-
ditional production system, slaughtered between 3 and 4
months of age resulting in a carcass weight range between
8 and 12 kg.
The use of specialised meat breeds to improve animal
productivity and economic results is desirable in some
intensive sheep production conditions. The trend for hea-
vier and leaner carcasses is widespread and favoured by
the use of a large mature weight breed such as Suﬀolk
(Wood, MacFie, Pomeroy, & Twinn, 1980). The British
Suﬀolk is a meat breed which is widely used in terminal
crossbred systems (Kempster, Croston, Guy, & Jones,
1987), producing good results in crosses with local breeds,
producing heavy carcasses, with low fat content and fast
growth (Teixeira, Delfa, & Treacher, 1996). Suﬀolk,
together with the Merino Precoce and Ile de France, are
the most important breeds used for crossbreeding in Portu-
gal. The Suﬀolk breed was introduced to the north-east of
Portugal in 1984, when two males and one female were pre-
sented by the United Kingdom ambassador to the Poly-
technic Institute of Braganc¸a. Two years later a further
15 females and 10 males were imported from the Suﬀolk
Sheep Society in the United Kingdom.
In spite of several studies on carcass quality, there is no
satisfactory information on the characterization of most
Portuguese lamb. It is important to know the quantitative
and qualitative characteristics of these lamb products, to
provide suitable information to producers and consumers.
Therefore, an experiment was conducted to compare the
killing-out proportions and carcass composition of CGB
with Suﬀolk breeds at 20%, 25%, 30% and 35% of maturity.
2. Materials and methods
Lambs were raised under natural conditions of Braganas
School of Agriculture farm, located in the north-east of Por-
tugal, at above 500 m. The farm has intensive management,
producing lambs oﬀ grass, conserved forages and ﬁnished on
commercial concentrates. The weather is characterized by
long and cold winters and very hot summers.
Forty-eight intact male lambs were used, 24 of CGB local
breed and 24 of Suﬀolk breed randomly selected from the
experimental ﬂock at the Braganc¸as School of Agriculture
(Escola Superior Agra´ria de Braganc¸a). Live weight was
periodically recorded, in order to slaughter lambs at weights
corresponding to 20%, 25%, 30% and 35% of maturity.
PrudHon (1976) referred the possibility of deﬁning sheep
‘‘degree of maturity’’ as: (Slaughter weight/Adult
weight) · 100. This parameter cannot be exactly known;
however, errors are small, if we consider as ‘‘adult live
weight’’ the average live weight of adult animals of the same
breed and sex. The adult live weight for each breed was esti-
mated as the live weight average of adult males belonging tothe same ﬂock. The estimated live weight values were 66.7 kg
for CGB breed and 95.6 kg for Suﬀolk breed.
After 24 h of fasting, lambs were slaughtered, over a 2-
year period, in the experimental slaughterhouse of the
Braganc¸as School of Agriculture. All lambs were slaugh-
tered under the same conditions and in accordance with
the laws of ethics and welfare of the animals. After slaugh-
ter, gut contents were removed, weighed, and subtracted
from the live weight in order to obtain empty body weight.
Kidney and pelvic fat (KKCF – perinephric and retroperi-
toneal fat) were removed and weighed separately. Immedi-
ately after slaughter the hot carcass weight (HCW) was
obtained. Carcasses were cooled at 4 C, in a vertical refrig-
erator chamber, for 24 hours so as to obtain the cold car-
cass weight (CCW).
Carcasses were halved through the vertebral column and
the left side was divided into eight standardized commercial
joints: leg, chump, loin, ribs, anterior ribs, shoulder, breast
and neck, according to the jointing procedure system of the
Zootechnical National Station cut (Estac¸a˜o Zoote´cnica
Nacional – EZN cut), as outlined by Calheiros and Neves
(1968). This jointing procedure considers leg, chump, and
loin as 1st category joints; ribs, anterior ribs and shoulder
as 2nd category joints and breast and neck as 3rd category
joints. Each joint was then dissected into muscle, subcuta-
neous fat, intermuscular fat, bone, and remainder (major
blood vessels, ligaments, tendons and thick connective tis-
sue sheets associated with some muscles) in a dissection
room under controlled environment.
Data were analysed using the Mixed Models Procedure
(Proc Mixed) of SAS (1998), using Breed and Degree of
Maturity as ﬁxed eﬀects and their interaction. A Tukeys
pairwise test was used to examine the signiﬁcance of the
diﬀerences between breed and maturity least-square means.
3. Results
3.1. General data
Mean, standard deviation and coeﬃcient of variation for
live weight, empty live weight, hot and cold carcass weight
and left half carcass weight of CGB and Suﬀolk lambs by de-
gree of maturity, are shown in Table 1. As expected, when
compared at the same degree of maturity, Suﬀolk lambs
had the highest live weights. The coeﬃcients of variation
of the variables studied of the CGB groups degree of matu-
rity were lower than the coeﬃcients for the Suﬀolk groups.
Within the Suﬀolk groups the higher degrees of maturity
had more homogeneous coeﬃcients of variation.
3.2. Killing-out proportion
Least-square means of breed and degree of maturity ef-
fects on killing-out proportions are shown in Table 2.
When killing-out proportion was corrected by removing
the variation caused by the gut contents, the diﬀerences be-
tween breeds were reduced. However, CGB lambs showed
Table 1
Mean (kg), standard deviation and coeﬃcient of variation (%) for live weight (LW), empty live weight (ELW), hot and cold carcass weight (HCW and
CCW) and left half carcass weight (LHCW) of Churra Galega Braganc¸ana and Suﬀolk lambs by degree of maturity
Breed Degree of maturity
20% 25% 30% 35%
M ± SD CV M ± SD CV M ± SD CV M ± SD CV
CGB
LW 13.4 ± 1.0 7.5 16.7 ± 0.6 3.4 20.1 ± 0.5 2.3 23.3 ± 0.4 1.7
ELW 11.9 ± 0.8 6.6 14.4 ± 0.3 2.4 17.8 ± 0.3 1.7 20.5 ± 0. 7 3.5
HCW 7.0 ± 0.7 9.8 8.4 ± 0.4 4.2 10.4 ± 0.4 4.1 11.9 ± 0.6 4.7
CCW 6.9 ± 0.7 10.1 8.2 ± 0.4 4.6 10.2 ± 0.4 4.0 11.5 ± 0.6 4.8
Suﬀolk
LW 19.6 ± 1.9 9.6 24.3 ± 2.0 8.1 28.8 ± 1.0 3.4 33.2 ± 2.1 6.3
ELW 16.4 ± 1.9 11.7 20.8 ± 2.1 10.2 23.0 ± 0.8 3.5 27.7 ± 2.0 7.2
HCW 9.1 ± 1.1 12.4 11.9 ± 1.3 10.9 13.5 ± 0.5 3.8 16.1 ± 1.5 9.3
CCW 8.9 ± 1.2 13.0 11.6 ± 1.30 11.2 13.2 ± 0.5 3.8 15.8 ± 1.5 9.4
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and higher (P < 0.05) corrected hot killing-out proportion.
Although not signiﬁcant, Suﬀolk lambs had higher cor-
rected cold killing-out proportion. Our results seems to
conﬁrm the theory that meat breeds tend to have smaller
killing-out proportions than dam breeds (Hammell &
Laforest, 2000; Wood, MacFie, & Brown, 1983; Wylie,
Chestnutt, & Kilpatrick, 1997), since CGB breed presents
dam breed characteristics (Teixeira et al., 1996). The degree
of maturity had no eﬀect (P > 0.05) on killing-out propor-
tions. Nevertheless, Kremer et al. (2004) found signiﬁcant
diﬀerences with lambs of weight ranges similar to that used
in this work, which can be due to breed or stage of maturity
diﬀerences.Table 2
Least-square means by breed and degree of maturity for killing-out
proportion
HKP CKP CHKP CCKP
Breed
CGB 51.4a 50.2a 58.5a 57.1
Suﬀolk 47.7b 46.6b 57.3b 56.0
SE 0.52 0.54 0.38 0.41
Degree of maturity
20 49.5 48.4 57.2 55.8
25 49.5 48.5 57.8 56.5
30 49.3 48.2 58.6 57.3
35 49.8 48.6 58.0 56.6
SE 0.73 0.76 0.54 0.58
Principal eﬀects
Breed *** *** * n.s.
Maturity n.s. n.s. n.s. n.s.
Interaction B ·M n.s. n.s. n.s. *
HKP – hot killing-out proportion, CKP – cold killing-out proportion,
CHKP – corrected hot killing-out proportion, CCKP – corrected cold
killing-out proportion.
a,b – means with the same superscript within the same column did not
diﬀer signiﬁcantly (P > 0,05). SE – standard error.
n.s. – not signiﬁcant.
* P < 0.05.
*** P < 0.001.No diﬀerences were found between breeds for corrected
cold killing-out proportion. Nevertheless, the diﬀerences
for killing-out proportion found between CGB and Suf-
folk, could be explained by the diﬀerences in abdominal
fat deposition, as previously observed by Wood et al.
(1980) and by Teixeira et al. (1996), these last authors
had worked with the same breeds used in this study.
3.3. Carcass composition
Least-square means by breed and degree of maturity, for
the percentages of commercial joints are shown in Table 3.
Suﬀolk lambs had higher (P < 0.01) leg, shoulder and
breast percentages and lower (P < 0.001) percentage of
ribs, anterior ribs, and neck than CGB lambs. No diﬀer-
ences (P > 0.05) were found between breeds for loin and
chump percentages. Kirton et al. (1996), in a study with
15 diﬀerent breeds, also found a higher percentage of leg
in Suﬀolk lambs. These results seem to conﬁrm the superi-
ority of Suﬀolk breed to develop higher proportions of
expensive joints.
Decreases in leg (P < 0.01) and shoulder (P < 0.001) and
an increase (P < 0.01) in chump percentages were observed
with increasing maturity. There was no interaction between
breed and maturity eﬀects. These results conﬁrmed that as
the animal grows the percentage of some of the most valu-
able joints increases (Hammond Jr., Mason, & Robinson,
1971). Alternatively, Jeremiah, Jones, Tong, Robertson,
and Gibson (1997a) indicated that animals should be
slaughtered at young ages and low weights in order to ob-
tain a higher proportion of the most valuable joints, what
is in accordance with Santos-Silva, Mendes, and Bessa
(2002) who observed a signiﬁcant decreasing eﬀect of
slaughter weight on higher value joint percentages for Mer-
ino Branco and Ile de France ·Merino Branco lambs, and
contradicts our results, even though diﬀerent breeds were
used in this work. However, the cost per kg of meat could
be reduced if we spread the slaughtering cost over more kg
of carcass, and allow animals to grow to heavier weights
without compromising quality.
Table 3
Least square means by breed and degree of maturity for the carcass joints percentage
1st category joints 2nd category joints 3rd category joints
Leg Chump Loin Ribs Anterior ribs Shoulder Breast Neck
Breed
CGB 25.9b 8.2 11.6 7.4a 5.5a 18.7b 11.5b 11.2a
Suﬀolk 26.8a 8.0 11.6 6.9b 4.9b 19.4a 12.1a 10.3b
SE 0.22 0.15 0.19 0.09 0.10 0.16 0.12 0.12
Degree of maturity (%)
20 26.9a 7.6b 11.1 7.1 5.4 19.8a 11.5 10.6
25 26.9a 7.8ab 11.3 7.1 5.2 19.3ab 11.8 10.5
30 26.2ab 8.4ab 11.9 7.2 5.2 18.4c 11.7 10.9
35 25.3b 8.6a 12.0 7.1 5.1 18.7ab 12.1 11.1
SE 0.31 0.22 0.26 0.13 0.13 0.22 0.17 0.17
Principal eﬀects
Breed ** n.s. n.s. *** *** ** *** ***
Maturity ** ** n.s. n.s. n.s. *** n.s. n.s.
Interaction between principal eﬀects
B ·M n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
a–c – means with the same superscript within the same column did not diﬀer signiﬁcantly (P > 0.05). SE – standard error.
n.s. – not signiﬁcant.
** P < 0.01.
*** P < 0.001.
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served by Kremer et al. (2004), as the carcass weight in-
creased from a minimum of 8 to a maximum of 23.5 kg
in Corriedale lambs.
Carcass tissue proportions of the CGB and Suﬀolk lambs
are shown in Table 4. Suﬀolk lambs had a greater
(P < 0.001) muscle proportion and a lower subcutaneous
fat proportion (P < 0.01) and KKCF proportion
(P < 0.001) than CGB lambs. Teixeira et al. (1996) veriﬁed
that CGB breed and its crosses with Suﬀolk or Merino
breeds did not diﬀer in carcass muscle proportion, whenTable 4
Least-square means for carcass tissues percentage of Churra Galega Braganc¸a
Muscle Subcutaneous fat
Breed
CGB 59.2b 6.1a
Suﬀolk 63.0a 4.1b
SE 0.69 0.40
Degree of maturity
20 62.0 4.3
25 61.7 4.6
30 60.8 5.1
35 59.8 6.4
SE 0.97 0.57
Principal eﬀects
Breed *** **
Maturity n.s. n.s.
Interaction B ·M n.s. n.s.
KKCF – kidney and pelvic fat.
a–c – means with the same superscript within the same column did not diﬀer
n.s. – not signiﬁcant.
* P < 0.05.
** P < 0.01.
*** P < 0.001.slaughter weight varied between 20 and 40 kg. Nevertheless,
the highest muscle proportion of Suﬀolk lambs conﬁrms
Suﬀolk as a meat breed, as observed by Wolf, Smith, and
Sales (1980) Croston, Kempster, Guy, and Jones (1987).
Teixeira et al. (1996) found that CGB lambs had a
signiﬁcantly smaller bone percentage than Suﬀolk or Mer-
ino cross lambs. These results are contradictory to those
presented in this paper and could be explained by the
diﬀerent experimental conditions used.
Regarding fat percentage, the results obtained in the
present work are not in total agreement with Crouse, Bus-na and Suﬀolk lambs
Intermuscular fat Bone KKCF
8.8 20.6 2.0a
9.1 19.8 1.1b
0.41 0.29 0.14
7.7b 21.7a 1.1
8.7ab 20.5ab 1.4
9.2ab 20.0ab 1.8
10.3a 18.7c 1.8
0.58 0.41 0.20
n.s. n.s. ***
* *** n.s.
n.s. ** n.s.
signiﬁcantly (P > 0.05). SE – standard error.
Table 5
Least-square means by breed and degree of maturity for the relationships
between the carcass tissues
Muscle/bone Muscle/dissected
fat
Subcutaneous
fat/dissected fat
Breed
CGB 2.89b 4.31b 0.40a
Suﬀolk 3.20a 5.39a 0.30b
SE 0.04 0.34 0.01
Degree of maturity
20 2.88b 6.28a 0.33
25 3.02ab 4.83ab 0.34
30 3.07ab 4.47ab 0.35
35 3.21a 3.83b 0.37
SE 0.06 0.49 0.02
Principal eﬀects
Breed *** * ***
Maturity ** ** n.s.
Interaction B ·M ** n.s. n.s.
a,b – means with the same superscript within the same column did not
diﬀer signiﬁcantly (P > 0.05). SE – standard error.
n.s. – not signiﬁcant.
* P < 0.05.
** P < 0.01.
*** P < 0.001.
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breed does not inﬂuence the deposition of extremal fat.
However, the cited authors found that breed had an eﬀect
on kidney and pelvic fat deposition in agreement with our
results. But Kirton, Bennett, Dobbie, Mercer, and Duganz-
ich (1995) and Kirton, Carter, et al. (1995) registered signif-
icant diﬀerences between breeds in studies involving about
15 diﬀerent breeds. According to our results, Teixeira et al.
(1996) found diﬀerences between CGB, Suﬀolk and Merino
breeds for subcutaneous fat and KKCF percentages,
however no signiﬁcant diﬀerences were found for the inter-
muscular and total fat percentages.
An increase (P < 0.05) in intermuscular fat and a de-
crease (P < 0.001) in bone percentage were observed with
increasing maturity. These results are in accordance with
those of Butterﬁeld, Griﬃths, Thompson, Zamora, and
James (1983) Butterﬁeld, Zamora, Thompson, Reddacliﬀ,
and Griﬃths (1984). The muscle percentage remained rela-
tively constant with increasing maturity; in accordance
with the theory proposed by Jury, Fourie, and Kirton
(1977), and conﬁrmed by Butler-Hogg and Whelehan
(1987), which showed that the muscle weight distribution
is established immediately after birth, and changes little
thereafter. Contrarily, Jeremiah, Jones, Tong, Robertson,
and Gibson (1997b), in a study with 10 breeds, observed
a decrease in muscle percentage with increasing slaughter
weight concluding that lambs should be marketed at low
live weights in order to produce lean lambs. Similar results
were found by Santos-Silva et al. (2002), working with the
Portuguese Merino breed.3.4. Tissue ratios
Least-square means for the breeds and degree of matu-
rity for the carcass tissue ratios are shown in Table 5.
Lambs of CGB breed presented lower muscle/bone
(P < 0.001) and muscle/dissectible fat (P < 0.05) ratios
and a higher subcutaneous fat/dissectible fat (P < 0.001)
ratio than Suﬀolk lambs. The advantage of Suﬀolk breed
reﬂected in a higher muscle/fat ratio was also evident in
the results obtained by Wolf et al. (1980) and Croston
et al. (1987). On the other hand, Teixeira et al. (1996), in
a study with the CGB breed with Suﬀolk · CGB and Mer-
ino · CGB crossbreds, found small diﬀerences in carcass
composition and tissue ratios. These results seem to con-
ﬁrm the Suﬀolk breed, is a specialized meat breed, with
high muscularity and a low tendency for fat deposition.
The muscle/bone ratio increased (P < 0,01) with in-
crease in the degree of maturity. Similar results were found
by Fourie, Kirton, and Jury (1970) and Broad and Davies
(1981). A signiﬁcant decrease of the muscle/dissectible fat
ratio and an increase of the subcutaneous fat/dissectible
fat ratio were found with increasing degree of maturity.
Accordingly Kremer et al. (2004) reported that, in Corrie-
dale lambs, as carcass weight increased from a minimum of
8 kg to a maximum of 23.5 kg, saleable meat yield/boneratio increased and saleable meat yield/subcutaneous fat
ratio decreased.4. Conclusion
The results indicate that for the same degree of maturity
CGB lambs showed higher killing-out proportions. Suﬀolk
lambs produced more lean meat and CGB lambs had the
greater carcass fat percentage. Subcutaneous fat has an
important role in carcass protection during the cooling pro-
cess. On the other hand, the Portuguese consumer seeks car-
casses with a minimum of fat. In this way, a content of
subcutaneous fat from 6% to 11% is considered to provide
an appropriate protection to the carcass during cooling
and also have good acceptance with consumers. The opti-
mum slaughter point for CGB lambs could be located be-
tween the 30% and the 35% of maturity. For that maturity
degree, lambs should be slaughtered between about 20 and
23 kg of live weight, corresponding to 10 and 12 kg, car-
casses, respectively. Suﬀolk lambs can be slaughtered above
the 35% of maturity if they have values of subcutaneous fat
less than 6%. Taking into account the limitations imposed
by the production System, Suﬀolk could bring some produc-
tion advantages, once it can be slaughtered at higherweights,
with larger muscle production, contributing to a larger prof-
itability through a larger amount of ﬁnal product: the meat.References
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